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ABSTRACT 


Cis-dichlorodiamminepalladium(II) was synthesized and 
identified by its unique infrared spectrum. The reaction of 
cis-dichlorodiamminepalladium(II) with ammonia in varying 
concentrations of sodium chloride was studied using stopped- 
flow techniques. An analysis of the following system was 
completed and discussed in the light of experimental rate 


constants. 


Pd (NH) ,C1(0H,) 


\ciis-Pa (NH) ;C1,=° Pd (NH) ,C1OH Pa (NH) , (OH) 
wit A aT F Zz 
Pd (NH) bl = Pd (NH,) 30H 
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Anomalies arising in the experimental results were dis- 


cussed and recommendations for further work were made. 
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I. INTRODUCTION 


A study of metal ion complexes in solution yields infor- 
mation useful for reaction catalysis. The kinetics of sub- 
Stitution reactions for these complexes is not yet understood. 
The ammonia complexes of palladium, a transition metal, have 
Been the subject of numerous recent investigations (1,2,3,4, 
5,0,7,8,9,10). With an eye to elucidating further the be- 
havior of these complexes, kinetic studies involving the 
substitution of ammonia on cis-dichlorodiamminepalladium(ITI) 
were undertaken. 

As is the case with nickel, the +2 oxidation state of 
palladium (Pd(II)) is the more common. Pd(II) has a a® 
electronic configuration and a coordination number of four, 
such that the complexes formed are square planar (ll). 

Substitution reactions of square-planar complexes in 
aqueous solution have shown historically a two term rate law 
of the form: 


“ditcomplex)  o k 


Rate = a 1 


+ k,(¥) (complex) 


where ky LS eins twoOndenmerateecons tant. k, is a second order 
rate constant, (Y) is the concentration of the entering 
ligand in moles per liter, and (complex) is the concentration 
Gemthe complex in moles per Viter (11,12). A rate law of 
this form is consistent with postulation of parallel associa- 


fave paths, namely: 





(1) departing ligand replacement by solvent molecule 
followed by its rapid replacement by the entering ligand, 
giving the first term. 

(2) direct replacement of departing ligand by entering 


ligand, giving the second term. 


A number of authors have dealt with the problems of 


elucidating the kinetics and mechanism of the various ammonia 


2 ~- 


4 ion. The basic scheme 


substitution reactions of the PdCl 


Showing significant species is: 


cis-Pd(NH,),C1 
peectes (NHS), 25 me 


4 


2 


~ ee: 
PdC1,° => Pd(NH,)C1 Pd (NH) .Cl =Pd(NH,) 


5 
N trans-Pd(NH,) ,cC1# 


Several investigations (1,3) have focused on the reaction 
of cis-dichlorodiamminepalladium(II) with ammonia and have 
Shown a rate law of the following form for the first and 


second ammonia substitutions: 


(N 





H.) 
—— + k, (NH) (complex) ‘e3) 
i) 


= sacomplex) = J 
Rate dt ore 


where ky and k, are rate constants and (complex), (NH) and 
(C1 ) are the concentrations in moles per liter of indicated 
Species. The above form can be rationalized by postulating 

for the first term a pre-equilibrium aquation, followed by 

the rate-determining replacement of associated solvent ligand 
by the entering ammonia. Atwill's (3) investigation showed 
anomalous temperature and chloride ion variations; additionally, 


his investigation was burdened with the necessity of 





maintaining relatively low (10° to 20°C) reaction temperatures 
and ammonia concentrations in order to obtain measurably 
Slow reaction rates. 

The goal of this research was to study the reaction of 
cis-Pd(NH,),C1, with ammonia using stopped-flow techniques. 
This method would allow measurement of relatively large rate 
constants; thus, ammonia concentrations up to 0.25M could be 
utilized, which represents a 500-fold increase over the 
concentrations permitted by classical kinetic techniques. 
Straightforward pseudo-first order kinetics were expected 
due to this increased ammonia concentration, as well as the 
ability to conduct kinetic studies at temperatures well above 


D5” C. 


10 





Le SEXEERIMENTAL 


A. MATERIALS 

Reagent grade materials were used throughout the s tudy 
without further purifucation, the only exception being the 
cis-Pd(NH,),C1, which was prepared locally by the method of 
Coe and Lyons (13) as modified by Atwill (3). 


B. ANALYSIS OF SYNTHESIZED Pd(NH,),C1, 


The synthesized product was concluded to be cis-Pd(NH,),C1, 
on the basis of the following results: 
1. Chemical Test 
An initial qualitative examination of the synthesized 
cis-Pd(NH,),C1, was conducted by observation of the rapidity 
of appearance of a red-brown color when small amounts of 
materials being examined were added to test tubes containing 


a saturated solution of potassium iodide in acetone (14). 


Observations are listed in Table I. 


TABLE I 
Substrate Time (minutes) Observation 
Commercial trans-Pd(NH,),Cl,~ one transparent orange 
Local cis-Pd(NH,) ,C1l, (A) * Ones opaque red-brown 
Local cis-Pd(NH,),C1, (B)° 0.5 opaque red-brown 
Aged cis-Pd(NH,) C1, from Oe75 opaque red-brown 


laboratory of Dr.” Reinhardt 


Research Organic Chemical Company, lot number Pd-14 


2 0A) and (B) samples were from initial and final precipi- 
Premio respectively, in local synthesis. 


ia 





2. Infrared Analysis 


An infrared absorption spectrum through a KBr 
pellet was obtained using a Perkin-Elmer 621 infrared spectro- 
photometer (features double beam and multiple gratings as 
well as extended range) where the doublet in the Pd-N 
Stretching region (495-476 em™4) as well as other character- 
istic cis-Pd(NH,),C1, features (15) were noted. 

S- Uiltraygoteg Spect mum 

To eliminate the possibility of significant amounts 
of non-palladium impurities, such as glass from glass filters, 
a quantitatively prepared solution of 10° °M cis-Pd(NH,),C1, 
was filtered and then converted to PdCl 7 Withwexceess Gis 
Pt; spectrum in T-0M NaCl wasmobeained utilizimeethe Beckman 
PKE TA recording spect rophnotometem with 1.0M Na@ilas reference, 
The features of this spectrum as well as absorbances were 
compared to Cohen and Davidson's results (16). Quantitative 
interpretation of the spectrum indicated the absence of 


Significant masses of non-palladium contaminants. 


C. EQUIPMENT 

1. Stopped-Flow Apparatus 

The basic stopped-flow apparatus (hereafter, SFA), 

(figure 1), was designed by Kenneth J. Graham, Chemist, NPS, 
and constructed by NPS research machinist Donald Harvey. 
Lucite (polymethylmethacrylate) was chosen to construct the 
SFA body due to its low thermal conductivity and easy 
machinability. All valves were fabricated from Teflon. 


Detectable spurious light was eliminated by painting the 


12 
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SFA body flat black. Temperature control was achieved by 
circulation of water from a thermostatted bath through a 
split system of four Beckman DU thermospacers (figure 2). 

The SFA mixing chamber was patterned after the design 
of Gibson”, which gives 98% mixing in less than two milli- 
seconds.” 

Precise temperature control proved to be more 
troublesome than anticipated. The DU lamp housing was 
located (figure 2) approximately 1/3 inch from the SFA body, 
causing a temperature gradient in the body despite intervening 
insulation. Judicious location of thermospacers and adjust- 
ment of bath temperature was sufficient to reduce the 
temperature differential between storage cells to less than 
0.5°C. The average cell temperature differential was 0225-6) 
Relocation of the lamp to a remote position and installation 
of integral temperature control should be sufficient to | 
eliminate this problem in future investigations utilizing 
the Sma. 

2. Data Recording and Display 

An RCA 7102 photomultiplier tube (S-1 response) was 
utilized as the photodetector. Bandwidth ranged from 20 to 
100 Hz and was varied by an RC filter (figure 1). Data for the 
expected slower reactions (1.0M NaCl) was recorded on a 
Mosely 7100B strip chart recorder which featured chart speeds of 


1 infhr to 2 in/sec and a ten inch chart width which was fully 


4 Durrum Instrument Corp., Bulletin 131, page 14. 
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utilized. The expected faster reactions (0.1M NaCl) were 
recorded by photographing the trace of a Tectronix 434 


Storage oscilloscope with a Polaroid CR-9 camera. 


D. KINETIC RUNS 

The reaction of cis-Pd(NH,),C1, With ammonia were observed 
by following the change in absorbance with time at a wave- 
length of 380 nm. All reactions were conducted at an ionic 
strength of 1.0 at 25°C. In each reaction the SFA mixed 
equal volumes of 1 x 10°°M cis-Pd(NH,) Cl, with the chosen 
concentration of ammonia. When chloride ion was varied, 
requisite amounts of sodium perchlorate were utilized to 
Maintain ionic strength. All solutions were filtered prior 
to use. 

Following mixing in the SFA, the initial concentrations 


examined were: 


(1) 5x10“ cis-Pd(NH,),C1,; 1.0M NaCl; 0.25,0.125,0.05M NH 


. 
(2) 5x10°4M cis-Pd(NH,),C1,; 0.1M NaCl; 0.25,0.125,0.05,0.025M 
ies. 
3 
(3) 5x10°"M cis-Pd(NH,),C1,; 0.125M NHz; 0.75,0.625,0.5M NaCl. 


Eom ANALYSIS SCHEME 

A slow and fast observed rate constant were determined 
on each analyzed trace in the following manner. The trans- 
mittance at each time increment was converted to absorbance 
(A). The estimated absorbance at infinite time (A) was 
then subtracted and the remainder (A - A) plotted against 


time on semi-log graph paper. 
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Mieeslope of the linear portion of the plot is 


established as the observed slow step rate constant. 


Cane) 

ln aaa: || 

K obs . (A , Ao) ts 
Le gaia 


The observed rate constant for the fast step was next calcu- 
lated by extrapolating the linear portion of the slow step 
(A - A,) vs time plot towards zero time and subtracting from 
(A - A,). The remainder was then plotted against time on 
semi-log graph paper and the fast step observed rate constant 
computed in the same manner as for the slow step. 

For each variation of parameters several traces were 
analyzed. The median values of the observed rate constants 


were used in the following interpretation and analysis. 


F. HYDROXIDE ION SUBSTITUTION OF cis-Pd(NH,).Cl, 
An auxilliary experiment was performed to test for the 
puesence Of elther Pd (NH) ,C10H or Pd (NH) , (0H). when 


hydroxide ion at a concentration of HOG? 


M is allowed to 
react with cis-Pd(NH,).,C1.. A one cm pathlength cuvette 

was filled with 10°°M cis-Pd(NH,),Cl, in 0.1M NaCl and 0.9M 
NaCl0, and placed in the Beckman DK-1A. One drop of 0.1M 
NaOH was added (giving a hydroxide ion concentration approx- 
imating that in the basic SFA study) and mixed in situ. The 
reaction was followed by recording percent transmission at 


a wavelength of 350 nm. Two distinct reactions were observed. 


The first proceeded to apparent completion within ten seconds 


18 





and the second slower reaction did not reach completion in 
one hour. A possible interpretation of the faster reaction 
is the single and/or double hydroxide ion replacement of 
chloride ion in cis-Pd(NH.).,C1,; the nature of the slower 
reaction is undetermined (perhaps dimerization or olation 


of cis-Pd(NH,),Cl,). 


19 
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Pile oUL lo 


Slow and fast observed rate constants are tabulated in 
Table II along with their pertinent parameters. Figures 3 
through 8 show observed rate constant dependencies on ammonia 
and chloride ion concentrations. The observed rate constants 
for the slow step are seen to be proportional to (NH) 9/7 in 
both 1.0M and 0.1M NaCl and those for the fast step to 
(NH)! 


Slow and fast steps, rate constants are proportional to 


in 0.1M NaCl and (NH) “ in 1.0M NaCl. For both 


for) for chloride ion concentrations between 1.0M and 
0.5M in 0.125M ammonia. The data points for 0.1M NaCl are 
not plotted on figures 8 and 9 due to their inconsistency 
with the remainder of the data and the desirability of 


presenting the data points utilizing an expanded scale. 





TABLE II 
iNT ee? yg ertaree Number of Temp. Observed ae constants 
M M vice Traces (Pee ) eae (sec 1) ene 
(erzo 10. Tectronix 5 24.5 0.34 7.0 
meee 0. Teeceronix 4 7A Ono Z 8.8 
Orie | 0. Te Cem ond x 6 24.4 0.49 120 
reese 0 . Mosely 3 25. 0.60 3.4 
VEZ | 1. Mosely 3 24 ales 0.80 
0.05 1 Mosely 6 24 0.04 Ua, 
Ua: be Mosely 5 24 0.49 Oe 
O05 Oz Tectronix 5 2 9a2 OZ Z a0) 
O20 0. ect ron x 5 2:05 Oey Z 9.8 
iis | 0. ieeCeroni< 2 (asa Om 125 Sr 
5 


Chloride ion concentrations reported in these instances 
differed prior to mixing, with the average value being reported. 
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recounted) . Prior to mixing the chloride ion concen- 
tration in the cis-Pd(NH,) Cl, 
the chloride ion concentration in the ammonia storage cell 


storage cell was 1.0M with 


being varied to produce the desired average. 


21 





0 ORL 20 Z Alike .04 "0.5 10% 


(NH,)° , mole? 17? 


oure 3. ‘Fast Step Observed Rate Constants, Sem vio 


€ 


Sewerion temperature, 24°C: NaCl concentration, Pagal 


Ze 


yO 


2 
(NH,)“. 





10 


9 
8 
i 
6 
_ 
ig 
g F + 
rw) 
Uv} 
se 4 
Be 
3 
Z 
hh 
0 
0 OF 1 Orse2 0.5 0.4 ae: 
= ? 
(nH) !/2, moles*/* 71/7 
Fagmiae 4. 


Fast step @bServee Gate constants, k 


fast 
Reaction temperature, 25°C; NaCl concentration, O.IM. 


23 


6: 
MiSs (NH. ) : 





0 02 04 06 08 10 12 a 
(NH) °/?, moles?/* 1473/2 
3/2 


Fipure 5. Slow step observed rate constants, ener Vise (NH) 


Peaerron Cémpecrature, 25°C; Pier concentration, 0.IM. 


24 








0.4 
0.35 
_ 
:) | 
oO 
gs 
5 0.2 
re 
W 
w 
+ 
0.1 
0 
0 Bet 04 UG .08 . 10 plez 
(NH) 3/7, motes?/? 1°3/2 
Faire 6. Slow sten observed raite constants, Daa vs. (NH,)°/?, 


Reaction temperature, 24°C; VaGmeconcentration, 1.0M. 


25 





“4, 


ere (sec 


10.0 


1 cal: 12 loess 1 4 i ees leOe ny 1.8 lenS - 220 
1/(Cl ), 1/mole 


Figure 7. Slow step observed rate constants, Kae WAGs 1/7 VG) 


Reaction temperature, 25°C; Ammonia concentration, 0.125M. 
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IV. CONCLUSIONS 


The experiment discussed in section II-F suggests the 
presence of hydroxide-substituted products. The inclusion 
of these species in an expanded reaction scheme can also 
be justified by consideration of known equilibrium constants 


in the chemistry of platinum, as follows: 


Let M = (Pt(NH,),C1)- 


MOH, = MOH +H K, = 10° °M § (2) 


oN 
ll 

Jans 

a) 


H + OH = H,0 - (3) 
Summing (2) and (3): 


7 = i. me la ia 8 -]j 
MOH, + OH = MOH” + HO K, = KK, = 10° (4) 
MC1"+ H,O = MOH, + C1 K, = 3.3x10°°M (5) 
Summing (4) and (5): 
3 


MC1 + OH = MOH + Cl. ines KK, = 3.3x10 


Assigning representative chloride and hydroxide ion concen- 
trations of 1.0M and 10° °M, respectively, leads to the 


following expression: 


(MOH ) = 3.3 
(MCl ) 


perenentee fr). pes2. Ky assigned same value as 
Similar reaction of Pt (NH) ,(0H,)>- The assignment 15 
strengthened by the observation that similar transition metal 
complexes (having H,0 ligands) have acid hydrolysis constants 
between 107° and 10M. 

"tbid., p.357. This equilibrium constant has been estimated 
by Reinhardt et.al. to be on the order of 10° °M ane ielave 


corresponding trans-palladium complex. 
28 





Thus, if the platinum analogy to palladium is valid and 
and the estimated value of Kz for palladium is included in 


the derivation, the above ratio becomes: 


@aGiey Clim wayne 


(Pd(NH,),C1,) 


and therefore the presence of hydroxide-substituted species 
must be considered in any proposed reaction scheme. 


such a proposed scheme is: 


+ 
Pd (NH) ,C1(0H,) 


\ 
cis-Pd(NHz)_,C1, = Pd(NHz) ,C10H = Pd(NH) (0H), 


- 
+o + 


2+ 


ef 
Pd(NH), 


The above may be analyzed as follows: 


SOEClEes Symbol 
=f 
Pd (NH) 4C1(OH,) 
cis-Pd(NH,),Cl, 
cis-Pd(NH,).C10H 
cis-Pd(NH,).(0H), 
+ 
Pd(NHz) C1 


+ 
Pd (NH) ,OH 


Q BS Me oh = 


2+ 
Pd(NH 2), 


The abbreviated scheme showing equilibria and rate constants 


is shown below. 
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10 I Z 
Bee — Bee Ce sé+*+=d 
K K K 
3 5 
ie | K. Ag 
13 8 
a hs 
G 
Pa. Lae) 2 a MECCL 
ee es) 7 (BE) (0H) 
- (NH, ") (OH) 
k, = Stel) Ky. = = 1 8x10 OM 
(B) (OH) (NH) 
_ (D)(C17) 
4 ¢€) (0H) 


If the variable S is defined as the sum of A+ B+C+#D, 
then a theoretical form for the first step rate law may be 


derived as follows: 
S=A+B+C#+OD 


2 SoD) 
, K, (OH) ; K,K, (OH ) 


| {enna «(1 z : 
Kj) (Cl ) (Cl ) (C1 ) 
S = iia (7) CAR) + k,(B) (NHZ) + (k, +k.) (C) (NH.) 
ns ke (DB) (NH) 
: k,.(NH.) (k,+k,.)K,(OH )(NH.) 
ee nh rm k, (NH) A Se 
Ky) (C1 ) (C1 ) 


=a 2 ds 
. k_k,K, (OH ) (NH) 


ten 3) 
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(S) 


—. a, KafOH-) . Kiko (OH-)2~ 
(S) = 1 + 1 + Ky(OH™) + KyK2(OH-) 
Ky) (C1) (C1-) (ila) a 
: “a2 2 
£11 M3? + k,(NH,) + a + Te a ee Ole! 
Ky g(C1 ) > (C1) (C17) 
(6) 


The interpretation of the above rate law is simplified 
if the dependence of hydroxide ion concentration on ammonia 


concentration is noted. 


Ri? + 2 
NH, = H,0 — NH, + OH 


; (NH,~) (OH) 


(NH) 


= -5 
12 = 1.8x10 M 


Thus, if hydroxide and ammonium ion concentrations are approx- 
imately equal and the ammonia concentration is sufficiently 
high, the hydroxide ion concentration will be proportional 
to the one-half power of the ammonia concentration. The 
assumption of the equivalence of hydroxide and ammonium ion 
concentrations will be vaiid only if the sum of the concen- 
trations of the hydroxide-substituted species is much less 
than the sum of the concentrations of the non-hydroxide- 
substituted species. Now the derived rate law (6) may be 
written in a form where (OH ) has been replaced by 

ie 


45 
i lle 
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2 (S) 
Ci ee eee 1 /2:C 
(S) 1 ee (NH) KKK, 5 (NH) 
ae a 


Kj (Cl ) (Gr ar (Cl ) 


1/2 3/2 3 
Kk), (NHS) (k,tko)K)Ki. °° (NH) Kok KjK) 2 (NHS) 
— + k,(NH,) + = ht : 
K; (C1) (C17) (C1) 


(7) 


The derived theoretical rate law for the first ammonation 
step (7) has sixteen possible dominant terms. The following 
are of interest due to their similarity to the experimentally 
determined ammonia and chloride dependences of the observed 


rate constants: 


SZ 
(8) (NH) 48 
Case (1): (S) « ———— if in (7) 1 >> sum of 
(Cl ) 
remainder of the eae in the denominator of the first 
bracket and the third term >> sum of remainder of the 
terms of the second bracket. The above restrictions 


correspond to cis-Pd(NH,),Cl, being the dominant species 


in S and to either steps 


ve = 
Pd (NH) C10H + NH>~> Pd(NH,) C1” + Cl 
OT 


+ = 
Pd (NH) ,C10H a3 NH => Pd (NH) 20H + OH 


as being rate-controlling (the two cases being kinetically 


indistinguishable). 
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2 
: (NH) 1 
Case (2): (S) < (S)—— if in (7) —m,—— >> sum of 
cel’) Ky) (C1 ) 
remainder of the terms in the denominator of the first 
bracket and the fourth term >> sum of remainder of the 
terms in the second bracket. The above restrictions 


correspond to Pd (NH) ,C1 (OH,) being the dominant term 


in S and to 


+ = 
Pd (NH) .(0H), + NH 3) Pd (NH) ,0H + OH 


being “ehemrate-controlling step. 


3/2 


WA NW a 
(NH) rene (NH) 


Il 


case (3): (S) « (S) if in (7) 


(C1 ) 

is >> sum of remainder of the terms in the denominator 

of the first bracket and the fourth term >> sum of the 
remainder of the terms of the second bracket. The above 
restrictions correspond to Pd (NH) ,C10H being the dominant 


term in S and to the step 
+ = 
Pd (NH), (0H), + NH,~—> Pd (NH) .0H de OE 
being rate-controlling. 


A theoretical form for the second ammonation step may 
be developed in a similar manner. Define a variable T equal 


to the sum of E and F: 


(E) + (F) = (F) Ja + CLD 


(T) = ! 
Ko (OH ) 
(T) = kg(E)(NH,) + kg (F) (NHS) 
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(Cl ) (NH,) 


(T) = (E){k — > + ky (NH,) 
Replacing (OH ) by in gives: 
(T) kg (C1) (NH) */? 
ee Fe. nip 
eis) eK 12 
ee te ie 2 
NS LG aa OEE 


Of the four possible dominant terms, the single term of 


interest arises if 
(C17) k, (C1) (NH,) 1/7 
>> 1 and Ky (NH) Se ee 


MN) 1/7 K_K 


K 


Koh? 


The rate expression would then have the form: 


SZ 
(T) (NH) °/ 

(C1 ) 
which corresponds to Pd(NH,) C1 being the dominant species 


in T and the step 
Pd(NH,) OH’ + NH,~> Pd(NH,) ,°" + OH” 
( ges 5 3° 4 
DoMmicnrave™cOnerolling. 


As far as the observations can be analyzed, the fast 
Secpmein . Uetael)scan be identified with case (2) of the 
first ammonation step; and thus the slow step with the 
second ammonation, as analyzed above. A mechanism consistent 
with the observed rate constants of the fast step in 0.1M 


NaCl was not found. 
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A major area Of possible analysis has been left unexamined: 
that of multiple term rate expressions, which may be indicated 
Dyeene Sigmificante non-zero intercepts in figures 4,5,7,8. 
Additional investigation will be required to characterize 
fully the reaction of cis-Pd(NH,)C1, with ammonia in an un- 
buffered medium, especially when chloride ion concentrations 
are less than 0.5M and temperature is varied. 

The conclusions of this investigation may then be sum- 
marized as follows: 

(1) It was not possible to confirm the form of the 
observed rate constant 

(NH) 


k = k ~ +) ke CNE 
obs 1 (C17) 2 3 





as assumed by Atwill for the first and second ammonation 
reactions in neutral buffered medium. One reason for 
variation from Atwill's rate law is the relatively high 
concentration of ammonia utilized in this study. The 
hydrolysis of ammonia in an unbuffered solution leads 
to significant concentrations of hydroxide ion. 

(2) Evidence was obtained of hydroxide-substituted species 
in a medium of pH 11. 

(3) The identification of the first and second ammonation 
steps as the faster and slower observed steps, respectively, 
was inferred. 

(4) A tentative rate law for the first (fast) ammonation 


step in 0.5M to 1.0M NaCl was found to be of the form 
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(NH) ' 
rate = ay fpacntts) .c2(0H) 
1 


(S) A tentative form for the second (slow) ammonation 
step rate law in 0.1M to 1.0M NaCl was found to be 


(NH) °/? 
rate = k——— 


- Pd(NH.) cu‘). 
(C1) oa 
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APPENDIX A - DATA FROM INDIVIDUAL KINETIC RUNS 


Runs are identified using a seven character alphanumeric 
code. The first six characters are numerals indicating the 


date and the seventh a letter identifying the trace. 


Sy 





RUN 740808A 


(Cl ] = 1.0M; [NH,] = 0.25M; A, = 0.0200 


k = 4.2 sec /: k = 0.49 -_. 
fast slow 
TIME ABSORBANCE 
000 ~0773 
~050 -0620 
-100 ~0477 
~150 0443 
.- 200 ~0419 
o 200 -0400 
. 300 0391 
~ 350 -0376 
- 400 0367 
~ 450 ~0357 
900 9353 
550 ~0343 
600 9339 
-650 ~0334 
- 700 9329 
750 0325 
. 800 ©0320 
850 .0315 
- 900 ~0310 
1.000 -0310 
1.200 ~0292 
1.400 ~0280 
1.600 ~0273 
1.800 0269 
2.000 0262 
2.500 ~0250 
3.000 0295 
3.500 0230 
4.000 ~0223 
5.000 ~0216 
6.000 ~0219 
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RUN 740808B 


[Cl ] = 1.0M; [NH3] = 0.25M; Aw = 0.0218 


-1 
Kgact™ 3-4 sec 3; Kejoy2 0.50 sec 


TIME ABSORBANCE 
- 000 0555 
050 ©0521 
- 100 . 2060 
150 0494 
- 200 0477 
«250 ~0465 
- 300 ~0456 
« 350 -0446 
-400 0436 
~450 0429 
- 200 ~0414 
2250 ~0405 
600 -0400 
«650 0398 
«750 0386 
~ 850 0374 
1.000 - 0360 
1.200 0348 
1.400 0334 
1.600 0325 
1.800 0315 
2.000 0306 
3.000 .0273 
4.000 0258 
5.000 0246 
6.000 ©0235 
7.000 «0232 
8.000 «0227 
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RUN 740808C 


[Cl } = 1.0M; (NH,] = 0.25M; A, = 0.0216 


-1 -l 
Keast™ 4.8 sec ; kod SS 0.46 sec 


0 


ABSORBANCE 


TIME 
000 .0767 
050 ~0706 
. 100 0550 
150 ~0491 
200 0424 
» 250 ~0419 
. 300 ~0400 
~ 350 ~0391 
~ 400 .0381 
450 0369 
- 500 0362 
290 ©9355 
-600 0351 
« 700 0346 
. 800 «0552 
900 0329 
1.000 0323 
1.200 0308 
1.400 0301 
1.600 0287 
1.800 0280 
2.000 <O273 
3.000 0258 
4,000 20257 
5.000 0232 
6.000 sOze7 
7.000 s0223 
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RUN 740814A 


[C1~] = 1.0M; [NH,] = 0.05M; A, = 0.0119 


k = 0.55 aeee k = 0.052 ee 


fast slow 
TIME ABSORBANCE 

- 000 - 0620 
- 900 ~0487 
1.000 -0456 
1.500 ~0429 
2.000 ~0412 
2.500 9398 
3.000 -0381 
3.500 -0369 
4.000 - 0360 
4.500 +0353 
5.000 ~9351 
6.000 ~0341 
7.000 ©0329 
8.000 ~0325 
13.900 ~0260 
15.000 ~0250 
17.000 20232 
20.000 20214 
22.000 ~0209 
25.000 -0200 
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RUN 740815A 


[Cl] = 1.0m; [NH] = 0.05i; A = 0.0186 


k = 0.68 sec”l; k = 0.18 sec71 
fast slow 


TIME ABSORBANCE 
1.000 00757 
1.500 ~0615 
2.000 ©0535 
3.000 ©0424 
4,000 «3510 
5.000 . 0306 
6.000 0282 
7.000 0260 
8.000 0246 
9.000 00229 

10.000 00223 
12.000 ©0214 
14.000 ©0204 
16.000 ~0200 
18.000 ~0195 
20.000 0193 
25.000 60191 
30.000 0189 
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RUN 740815B 


{Cl ] = 1.0M; (NH. ] = 0.05M; A, = 0.0188 


keast™ 0.39 sec “a Pa a 0.034 sec : 
TIME ABSORBANCE 

200 ~0565 
1,000 0467 
1.500 ~0424 
2.000 ~ 0381 
2.500 0350 
3.000 0329 
4,000 - 0303 
3.000 ~0275 
6.000 0260 
7.000 ~0246 
8.000 ~0234 
9.000 ~0229 
10.000 0223 
12.000 ~0220 
14.000 0216 
16,000 ~0214 
20.000 ~0211 
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RUN 740815C 


{Cl ] = 1.0M; (NH ] = 0.05M; A, = 0.0204 


0.39 ao: k = 0.044 —. 


Kraet slow 
TIME ABSORBANCE 
~ 500 ©0530 

1.000 ~0458 
1.500 0429 
2.000 ~0386 
2.500 «0353 
3.000 ~0329 
4.000 ~0306 
5.000 ~0287 
6.000 0273 
7.000 ~0260 
8.000 ~0252 
9.000 ~0246 
10.000 ~Oza/ 
12.000 00234 
14.000 00229 
16.000 «0225 
18.000 ~0223 
25.000 ~0220 
30.000 ~0216 
35.000 20214 
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RUN 740815D 


{Cl} = 1.0M; [NH,] = 0.05M; A, = 0.0204 


k 


fas 


TIME 


+ 250 

. 500 
«730 
1.000 
1.500 
2.000 
2.500 
3.000 
3.500 
4,000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 
12.000 
15.000 
18.000 
30.000 


1 


= 0.43 sec -: 
t 


> 


45 


k 


= 0.070 sec 
slow 


ABSORBANCE 


©0595 
©0545 
0487 
-0458 
0419 
0381 
©0357 
0334 
0322 
0305 
0284 
0273 
0260 
0252 
0246 
0237 
20234 
«0229 
0223 
0218 


1 





RUN 740815E 


[Cl ] = 1.0M; [NH,] = 0.05M; A, = 0.0216 


-1. : ~] 
K east 0.36 sec '; K low 0.027 sec 


TIME ABSORBANCE 
050 00942 
-100 0783 
« P30 oO70t 
«200 0670 
«290 ~0635 
« 350 0592 
. 200 ©0555 
- 700 ~0518 
1.000 ~0487 
1.200 -0463 
1.400 .0448 
1.600 .0434 
1.850 ~0419 
2.000 -0410 
2.900 0381 
3.000 ~0355 
3.200 ~0342 
4.000 ©0325 
4,500 0315 
> .000 0301 
6.000 ~0282 
7.000 -0273 
8.000 ~0262 
10.000 ©0255 
12.000 ~0246 
14.000 0241 
25.000 00234 
35.000 ~0227 
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RUN 740815F 


[Cl ] = 1.0M; [NH,] = 0.05M; A, = 0.0204 


k 


fas 


Z 


Z 


3 


t 


TIME 


250 

- 300 

750 
1.000 
1.500 
2.000 
2.500 
3.000 
3.500 
4.000 
4.500 
5.000 
6.000 
7.000 
8.000 
0.000 


12.000 


5.000 


20.000 
25.000 


3.000 


= 0.36 a k 
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slo 


= 0.014 sec 
W 


ABSORBANCE 


0580 
0518 
00477 
~0453 
~0412 
0381 
-0357 
0339 
0320 
-0310 
- 2960 
0287 
0273 
~0264 
©0257 
0243 
0237 
0233 
0232 
0229 
©0225 


1 





RUN 740819A 


[Cl ] = 1.0M; [NH,] = 0.125M; A, = 0.0150 


k am). 5a baa k = 0.024 wei 


fast slow 
TIME ABSORBANCE 
~ 290 ~ 1290 
- 200 -0640 
750 ~9540 
1.000 ©0472 
1.250 0438 
1.500 -90400 
1.750 0373 
2.000 0343 
2.500 0306 
3.000 ~0280 
3.500 ~0257 
4.000 0257 
4.500 00227 
5.000 20211 
5.000 .0200 
7.000 0191 
10.000 00177 
15.000 ~0170 
20.000 .0168 
25.000 ~0166 
30.000 20164 
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RUN 7408198 


[Cl ] = 1.0M; [NH] = 0.125M; A, = 0.0214 


-l -l 
Ke ast” 0.80 sec ; ‘oe 0.29 sec 


TIME ABSORBANCE 
150 «1180 
0 La5 1024 
200 ~0894 
22> 9843 
2250 ~0794 
- 300 0731 
- 350 - 0690 
«400 0650 
«450 0630 
- 200 ~0607 
250 0590 
- 600 ~0570 
- 700 00545 
- 800 ©0526 
900 0506 
1.000 0487 
1.200 ~0467 
1.400 0438 
1.600 ~0419 
1.800 0397 
2.000 0381 
2.500 0345 
3.000 9320 
3.200 0298 
4.500 ©0271 
3.500 ©0255 
6.500 00241 
7.500 ©0235 
8.500 0229 
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RUN 740819C 


[Cl } = 1.0M; [NH,] = 0.125M; A, = 0.0223 


~j] ~-] 
Kaa” 0.80 sec ; K Slow” 0.17 sec 


TIME ABSORBANCE 
2150 1007 
200 0853 
250 00794 
- 300 00747 
« 350 0708 
400 0685 
©450 0660 
- 200 0640 
2950 0620 
«200 ©0605 
- 700 ~0570 
- 800 0550 
900 ©0535 
1.000 ~0511 
1.200 -0484 
1.400 ©0458 
1.600 0438 
1.800 ~0419 
2.000 0400 
2.200 0391 
2.400 0376 
2.600 0367 
2.800 0355 
3.000 ©0345 
3.500 ~ 0325 
4.000 0310 
4.500 0302 
5.000 0287 
6.000 0278 
7.000 0269 
8.000 0262 
9.000 0260 
10.000 0255 
13.000 0250 
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RUN 740819D 


[Cl ] = 1.0M; [NH,] = 0.125M; A, = 0.0209 


kKeast™ 0.77 sec i Kolow™ 0.15 sec : 

TIME ABSORBANCE 
290 ~ 1296 
e297) ~ 1209 
- 300 ~ 1059 
«322 0867 
« 350 20853 
o 30D ~O0815 
400 0003 
~425 00744 
~450 0718 
~ 200 0687 
550 ~0650 
- 600 ©0630 
« 7/00 -0590 
- 800 -0560 
900 ~0540 
1.000 00521 
1.200 ~0487 
1.400 - 0460 
1.600 0438 
1.800 ~0416 
2.000 ©0402 
2.250 0376 
2.500 ©9362 
3.000 00334 
3.500 ©0315 
4.000 ©0301 
4.500 ~0282 
5.000 00275 
6.000 0262 
7.000 ©0255 
8.000 ~0250 
9.000 0243 
10.000 0237 
15.000 20225 
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RUN 740918A 


(Cl1-] = 0.625m; (NH) = 0.125M; A, = 0.0381 


k = 5.5 sect; k_ «= 0.46 sect 
fast slow 


TIME ABSORBANCE 
050 ©2341 
- 100 ©1871 
~ 150 1498 
«200 1201 
«250 ©1154 
- 300 «1017 
- 350 00924 
- 400 0879 
- 900 0835 
- 600 ~0749 
« 700 ~0706 
1.000 0663 
1.300 ~0622 
1.800 ~0580 
2.200 ©0538 
2.800 ~0498 
3.600 ~0458 
4.400 ©0417 
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RUN 740918B 


{Cl ] = 0.625M; [NH] = 0.125M; A, = .0458 


ke ge 8:0 gece Koy 050 eegee 
TIME ABSORBANCE 
000 2159 
050 0173 
, 100 1549 
.150 1273 
200 .1129 
250 1015 
, 300 0947 
400 0879 
, 500 0814 
600 0769 
700 0749 
, 800 0725 
1.000 0706 
1.500 0642 
2.000 0621 
2.500 0580 
3.000 0559 
3.400 0538 
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RUN 740918C 


[Cl ] = 0.625; [NH] = 0.125M; A, = 0.0458 


k = 7.4 sect; k = 0.52 sec 


fast slow 
TIME ABSORBANCE 
- L00 ~ 1955 
150 ~ 1446 
~ 200 1296 
- 300 ~ 1035 
~ 400 ~0856 
- 500 ~0814 
- 600 ~0792 
- 700 00735 
- 800 ~0735 
~900 .0706 
1.000 ~0684 
1.200 0663 
1.400 ~0642 
1.700 0621 
2.000 ~0605 
2.600 ~0559 
3.000 0538 
3.400 ~0518 
3.700 ~0497 
4.000 0477 
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RUN 740918D 


[Cl ] = 0.625M; [NH,] = 0.125M; A, = 0.0497 


Ke ast” 7; ca Key og 0.42 — 
TIME ABSORBANCE 
- 100 2041 
xk 1565 
200 ~ 1347 
«250 ©1177 
- 300 ~1107 
- 350 ~1015 
- 400 .0969 
- 450 .0901 
500 .0879 
- 600 0835 
- 700 ~0810 
. 800 .0790 
.900 -0770 

1.000 ~0748 
1.200 .0706 
1.400 ~0706 
1.600 ~0684 
1.800 .0663 
2.000 .0663 
2.500 ~0621 
3.100 ~0580 
3.500 ©0559 
3.900 .0538 





RUN 740918E 


(Cl ] = 0.625M; [NH] = 0.125M; A= 0.0518 


k = 6.3 secl; k = 0.48 sec 
fast slow 
TIME ABSORBANCE 
-900 ©2188 
050 1899 
. 100 ~ 1601 
2150 o WB2 2 
~ 200 oy 7 
«220 oto 7 
- 300 ~0992 
- 400 20924 
900 ~0857 
~600 ~0835 
. 700 -0810 
. 800 ~0770 
~900 ~0770 
1.000 ~0748 
1.200 20727 
1.400 ~0706 
1.600 0684 
1.800 0663 
2.000 ~0663 
2.500 ~0621 
3.100 ~0600 
3.500 ~0559 
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RUN 740918F 


[Cl ] = 0.625M; [NH,] = 0.125M; A, = 0.0538 


Keast™ ie ae K lew 0.56 ae 
TIME ABSORBANCE 
-000 «2280 
050 1899 
- 100 01575 
~ 150 om 2 2 
200 om 7 7 
250 e807 
- 300 ~ 1037 
- 400 ©0924 
200 ~0879 
- 600 ~0856 
- 700 0814 
. 800 .0792 
900 00792 

1.000 ~0770 
1.200 20727 
1.400 .0727 
1.600 -0706 
1.800 ~0684 
2.000 ~0684 
2.200 ~0663 
2.400 0642 
2.700 0621 
3.100 .0600 
3.500 ~0580 
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RUN 7409186 


[Cl ] = 0.625M; (NH. ] = 0.125¢M; A, 2 0.0518 


-l 
ke ast” 7.0 sec ; Te N-A> 
TIME ABSORBANCE 
~900 S272 
920 -2188 
-040 ~2041 
-060 wher 
-080 Uy Aye 
- 100 - 1601 
~ 140 . L422 
- 180 Gra ae 
220 Lay 
- 260 elo? 
- 300 .- 1037 
- 380 ~0969 
- 460 9924 
- 260 ~0879 
- 700 ~0835 
-820 ~0814 
-940 ~0770 
1.000 ~0770 
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RUN 740919A 


[Cl ] = 0.5M; (NH,] = 0.125M; A, = 0.0458 


k = 11 sec’: k = 1.3 sec”! 
fast slow 
TIME ABSORBANCE 
040 2188 
-060 21984 
e080 - 1898 
~ 100 - 1680 
~120 e 1549 
~140 o La2Z 
~ 160 21347 
~ 180 21249 
~200 21154 
240 ~1061 
- 280 ~0969 
e320 0902 
- 360 0857 
~400 0813 
- 480 0770 
560 0727 
-680 0684 
~840 0664 
1.000 0621 
1.320 0621 
1.400 20559 
1.600 0539 
1.800 ~0518 
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RUN 740919B 


[Cl ] = 0.5M; [NH] = 0.125M; A, = 0.0458 


60 


ken aeons ayer kaa ee sect 
TIME ABSORBANCE 
~020 ~ 2099 
~040 ©1955 
~060 01734 
-080 ~ 1654 
~ 100 01447 
~ 140 #1273 
«180 ~ 1130 
~ 240 ~0946 
eo20 0857 
~ 400 ~0770 
-480 20727 
~ 560 ~0706 
- 680 0664 
«840 ~0642 
1.000 0621 
1.240 ~0580 
1.600 0539 
2.000 ~0498 





RUN 740919C 


[Cl ] = 0.5M; [NH,] = 0.125M; A, = 0.0458 


Keost™ 8.8 sec - K own 0.96 sec 
TIME ABSORBANCE 
~020 ~2188 
~040 ~2070 
~060 ~ 1871 
~080 21707 
~ 100 21549 
~120 21447 
~140 01347 
~ 160 21273 
~ 180 01154 
~ 200 LEO] 
e240 ~1015 
~ 280 0946 
«320 ~0879 
- 360 20835 
~ 400 20813 
~ 480 00749 
560 ~0727 
~680 ~0684 
- 840 ~0664 

1,000 ~0642 
1.240 ~0600 
1.400 ~0580 
1.800 0539 
2.000 20498 
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RUN 740919D 


[Cl°] = 0.5; [NH] = 0.125; A = 0.0458 


k = 9.1 sec !: k = 0.88 sec7/ 
fast slow 


TIME ABSORBANCE 
«020 ©0637 
«940 0619 
060 ©1843 
080 «1680 
- L00 01574 
2120 01422 
2140 oie2 
160 01249 
- 180 21163 
200 ©1083 
240 eO29Z2 
- 280 0946 
« 320 0902 
«400 0813 
2520 0770 
- 600 00727 
« 760 0706 
920 0664 
1.080 ©0621 
1.240 - 0600 
1.600 0580 
2.000 ©0518 
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RUN 740919E 


[Cl ] = 0.5M; [NH3] = 0.125M; A, = 0.0458 


keact™ 8-9 eee Key ow™ 0-88 ee 
TIME ABSORBANCE 
.000 . 2310 
.020 .2188 
.040 . 2099 
060 .1788 
.080 .1680 
.100 .1523 
120 01447 
~140 .1347 
160 1093 
.180 .1178 
. 200 .1107 
. 280 .0969 
. 360 .0857 
~440 .0813 
~520 .0770 
. 600 .0727 
. 760 .0706 
.920 .0684 
1.000 .0664 
1.320 .0621 
1.600 .0580 
2.000 .0539 
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RUN 740923A 


(Cl ] = 0.1M; [NH] = 0.125M; A, = 0.0280 


k = 5.5 sec; k =yOnacesec™ > 
fast slow 
TIME ABSORBANCE 
e020 ~1761 
e040 - 1600 
e060 21471 
-080 ou371 
~ 100 wh? 72 
e120 ~1201 
e140 e 1129 
«160 ~ 1083 
e180 ~1014 
e200 20991 
e240 ~0901 
e280 0856 
e 320 0813 
«400 0748 
e480 ~0705 
- 560 0663 
- 7/00 0642 
~900 ~0600 
1.200 ~0579 
1.600 0538 
22000 20518 
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RUN 7409238 


(Cl ] = 0.1; [WH] = 0.125M; A, = 0.0280 


Keaot™ ye. sect: ee 0.40 sec + 
TIME ABSORBANCE 
~020 ~1815 
~940 «llG53 
-060 wlLoze 
~080 ~ 1396 
~ 100 1322 
~ 120 01224 
~ 140 «LI 
- 160 ~ 1106 
~ 180 ~ 1060 
~ 200 ~ 1014 
~ 240 0923 
~ 280 0879 
- 320 0813 
- 360 0791 
~440 0727 
~ 220 0684 
- 600 0663 
- 800 0642 

1,000 ~0600 
1.400 0558 
1.800 0538 
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RUN 740923C 


[Cl] = 0.1m; [WH,} = 0.125M; A, = 0.0280 


ke ost" 6.8 eae t Siler 0.35 sec - 

TIME ABSORBANCE 
~920 ~ 1815 
-040 - 1600 
060 ©1497 
080 1396 
- 100 « L272 
~120 e1177 
~ 140 «1129 
- 160 . 1060 
- 180 ~ 1037 
- 200 0991 
~240 ~0901 
280 ~0835 
- 320 0813 
- 360 ~0769 
«440 ~0705 
320 ~0663 
- 600 ~0642 
- 760 ~0621 
920 ©0579 

1.300 ©0558 

1.800 -0518 
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RUN 740923D 


(Cl ] = 0.1M; [NH ] O.125M; A, @ 0.0280 


Keast™ 7.8 sec k Shenae 0.50 sec : 
TIME ABSORBANCE 
«020 ~ 1679 
~040 01574 
~060 ~1446 
~080 o L322 
~ 100 ~ 1249 
~ 120 cling 
~ 140 oLiZe 
- 160 - 1060 
~ 180 ~ 1014 
- 200 0968 
~ 240 ~0901 
280 ~0856 
e320 0791 
~ 380 «0769 
~440 ~O%27 
220 0684 
~ 600 0662 
- 680 0642 
- 800 0621 
~960 ~0600 

1.200 ~0579 
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RUN 740923E 


(Cl) = 0.1M; [NH,] = 0.125M; A, = 0.0280 


-1 -1 
ee 6.8 sec ~; a 0.30 sec 
TIME ABSORBANCE 
020 ol 787 
040 1601 
060 1497 
080 1346 
100 1297 
~120 ol2Z01 
140 olia3 
-160 -1083 
. 180 ~ 1014 
- 200 0991 
~ 240 .0923 
- 280 0879 
- 320 0835 
- 360 0791 
400 0748 
560 0684 
720 0663 
900 0642 
1.200 0600 
1,600 ~0579 
2.000 .0558 
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RUN 740923F 


(Cl"] = 0.1M; [NH,] = 0.125; A, = 0.0280 


Keast™ 7.0 meen ae * 0.35 a 

TIME ABSORBANCE 
-010 1787 
020 1679 
030 1626 
-040 21574 
050 . S22 
060 ~ 1446 
- 080 ~ 1346 
- 100 «LZ 
~120 ~1201 
~ 140 ©1129 
.- 160 1060 
- 180 ~10i4 
» 200 0968 
240 0923 
- 320 ~ 0835 
- 480 ©0727 
620 0663 
- 840 .0621 

1.000 .0600 
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RUN 740923G 


[cl-] = 0.1m; [NH] = 0.125M; A_ = 0.0280 


k = 7.1] sec™?: k = 0.35 sec~* 
fast slow 


TIME ABSORBANCE 
910 1679 
020 1600 
030 «1548 
-040 1497 
050 1446 
-070 ol Zon 
090 01249 
ola0 ling 
130 ~1106 
150 - 1060 
170 ~1014 
«190 - 0968 
«210 0946 
240 0901 
- 280 ~0835 
~ 340 0791 
- 460 ©0727 
600 ~0684 
~720 0642 

1.000 0600 
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RUN 740923H 


[Cl jf. = O24 (NH. ] = 0.125M; A, = 0.0280 


Keast” 7.0 sec 2 Eo 0.36 sec : 

TIME ABSORBANCE 
-010 ~ 1815 
-020 ©1733 
030 - 1679 
~040 - 1600 
~050 ~ 1548 
060 01471 
~070 ~1421 
- 090 ~1346 
el10 ~0976 
«130 7 7 
~ 150 - 1106 
70 - 1050 
- 190 ~ 1014 
20 ~0902 
. 380 0791 
- 460 20727 
- 560 ~0705 
- 700 0663 
- 800 ~0621 

1.000 - 0600 
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RUN 741012A 


[Cl ] = 0.1M; [NH,] = 0.05M; A, = 0.0538 


Keast™ 4.7 sec K Slow" 0.22 sec 
TIME ABSORBANCE 
- 200 2068 
250 1814 
- 300 «L652 
~ 350 01471 
- 400 ~1420 
450 Plc 20 
- 900 o LeZZ 
600 1176 
- 700 1129 
- 800 1082 
- 900 ~1059 
1.000 1036 
1.200 0991 
1.400 0968 
1.600 20945 
1.800 ~0945 
2.000 0900 
2.600 0856 
3.400 0812 
4.100 ~0769 
4.500 -0748 


72 





RUN 7410128 


(Cl ] = 0.1y; [NH] = 0.05M; A_ = 0.0538 


k = 5.0 sect: k =i 3us6c ~ 
fast slow 
TIME ABSORBANCE 
2250 02278 
- 300 ~2011 
2500 ~ 1841 
- 400 1548 
«450 21471 
~ 200 01395 
2950 321. 
~600 21248 
. 700 e152 
~800 ~ 1106 
900 ~ 1059 
1.000 ~ 1036 
1.200 ~0991 
1.400 -0968 
1.600 20923 
2.000 ~ 9900 
2.600 ~0856 
3.200 ~9812 
4.000 ~0769 
4.500 ~0726 
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RUN 741012C 


(C1 ] = 0.1M; [NH,] = 0.05M; A, = 0.0538 


k, = 5.4 sec +; k= 0.22 sec? 
fast slow 
TIME ABSORBANCE 
.100 2309 
150 ,2011 
200 .1787 
250 1626 
300 1522 
. 350 1420 
400 1346 
450 ,1321 
500 yp 
550 ,1200 
600 .1152 
.700 1129 
800 .1106 
.900 1059 
1.000 1036 
1.200 .1014 
1.400 0991 
1.600 .0991 
1.800 ,0968 
2.000 0945 
2.400 .0900 
2.800 .0878 
3.400 0856 
3.800 0834 
4,500 0769 
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RUN 741012D 


[Cl ] = 0.1M; [NH,] = 0.05M; A, = 0.0538 


k 585 ccm. k oT 
fast slow 
TIME ABSORBANCE 
~ 100 ~23/0 
e150 2098 
200 ~ 1841 
~250 ~ 1652 
300 » Lge 
» 350 ~ 1446 
~ 400 ~ 1370 
~450 1296 
- 500 ~1272 
~600 ~ 1176 
» /00 » 112 
~ 500 » 1082 
~900 ~ 1059 
1.000 - 1059 
1.200 ~ 1014 
1.400 ~1014 
1.600 0991 
1.800 -0968 
2.000 0945 
2.400 ~ 0900 
3.000 0878 
3.800 0834 
4.500 0769 
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RUN 741012E 


[Cl ] = 0.1M; [NH,] = 0.05M; A, = 0.0538 


Ke ost” 4.5 sec a ene 0.15 sec . 
TIME ABSORBANCE 
~050 o2E07 
- 100 - 2040 
«150 1869 
- 200 ~ 1652 
6250 ~ 1548 
- 300 ©1420 
- 390 ~ 1370 
- 400 oi321 
~450 « L2H 2 
- 200 ~1248 
- 600 ~1176 
- 700 o dS 2 
- 800 «1106 
900 1082 
1.000 - 1082 
1.200 . 1036 
1.400 ~ 1014 
1.600 ~1014 
2.000 ~0991 
2.600 ©0945 
3.400 0878 
4,100 ~ 0856 
4,500 0812 





RUN 741013A 


[Cl] = 0.1M; [NH,] = 0.25M; A, = 0.0091 


ke weet 902 Wr oar kepoy™ 0°72 aa 
TIME ABSORBANCE 
.040 41815 
050 1733 
060 1653 
070 1548 
080 1446 
,090 .1371 
,100 1297 
.110 1201 
120 1153 
.130 1106 
140 1060 
1150 1037 
.170 0946 
,190 0879 
220 0791 
260 0727 
300 0663 
, 380 0579 
460 0518 
580 0457 
720 0417 
860 0397 

1.000 0397 
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RUN 741013B 


[Cl ] = 0.1M; (NH,] = 0.25M; A, = 0.0091 


Keaet 12 sec - K Slows 1.1 sec 
TIME ABSORBANCE 
~040 01733 
~050 . LESS 
~060 ~ 1548 
~070 01471 
-080 ~ 1346 
~090 elev? 
~ 100 ~1201 
-110 ole29 
~120 - 1060 
130 ~ 1014 
~140 ~0968 
e150 ~0923 
~170 ~0856 
~ 190 20791 
~220 0705 
~260 0621 
- 300 20579 
- 380 20518 
- 460 ~0477 
- 280 ~0437 
«740 sUS77 
820 .90358 
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RUN 741013C 


[cl”] = 0.1M; [NH,] = 0.25M; A, = 0.0091 


k = 10 sec i; k = 0.76 sect 
fast slow 


TIME ABSORBANCE 
040 1761 
050 1653 
060 21574 
070 ~1471 
080 o13/1 
-090 » Lege 
- 100 ~1201 
110 1153 
-120 - 1106 
140 1014 
- 160 0923 
- 180 ~0835 
«200 -0791 
240 -0705 
- 280 -0621 
- 340 «0579 
- 420 .0518 
- 200 ~0457 
- 660 0417 
. 820 Osi) 7 

1.000 0358 
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RUN 741013D 


(Cl ] = 0.1m; [NH,] = 0.25M; A, = 0.0091 


k = 9.8 sec /; k = 0.71 sec! 
slow 


fast 


TIME ABSORBANCE 
040 ~ 1706 
050 - 1600 
060 ©1548 
070 01471 
080 1396 
090 o L267 
- 100 01224 
~110 ©1201 
120 o 112 
130 - 1106 
~ 140 ~1037 
«150 0991 
~170 0946 
190 ©0879 
220 0791 
260 00727 
- 300 0684 
- 380 ©0579 
460 0558 
- 980 0497 
- 740 ©0457 
900 00417 

1.000 0417 
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RUN 741013E 


[Cl] = 0.14; [NH] = 0.25M; A = 0.0091 


k = 9.6 sec i; k = 0.44 sect 
fast slow 


TIME ABSORBANCE 
060 01456 
070 - 1386 
080 01278 
090 1210 
. 100 oli] 2 
110 ~1078 
2120 1053 
« 130 - 1005 
~140 0959 
» 150 0897 
~170 ©0852 
~ 190 00782 
«220 00714 
260 0663 
« 300 0621 
« 380 ©0554 
460 ©0505 
«280 ~0465 
«740 0433 
«900 0409 

1,000 -0401 
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RUN 741014A 


[C1"] = 0.1M; [NH ] = 0.025M; A_ = 0.0110 


k = 3.4 sect; k = 0.14 sect 
fast slow 
TIME ABSORBANCE 
-100 ~ 1983 
~150 ~1815 
- 200 01574 
~ 250 21391 
- 300 o 1293 
~ 350 ~1201 
- 400 - 1060 
- 200 ~0992 
~600 ~0901 
- /00 ~0857 
- 800 20792 
-900 ~0770 
1.000 0748 
1.200 20727 
1.400 0684 
1.600 0663 
1.800 ~0663 
2.000 ~0642 
2.400 ~0600 
2.800 ~0579 
3.300 ~0559 
3.900 ~0518 
4.500 0477 
5.000 0437 





RUN 741014B 


[Cl ] = 0.1m; [NH,] = 0.025M; A, = 0.0110 
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Keast™ 3.6 sec = Ken. 0.15 sec 
TIME ABSORBANCE 
100 2099 
oO ~ 1870 
200 Pps) 7 
© 250 . L492 
- 300 « 1322 
« 350 ~ 1249 
400 01153 
~ 450 ~1107 
500 - 1060 
600 ~0969 
700 ~0901 
- 800 20857 
~900 20835 
1.000 ~0813 
1.200 ~0770 
1.400 ~0748 
1.600 O727 
1.800 ~0705 
2.000 ~0684 
2.400 ~0642 
2.800 ~0621 
3.300 0579 
3.900 0538 
4.500 ~0518 
5.000 ~0497 
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